Hydroxyapatite [HA, Ca 10 (PO 4 ) 6 (OH) 2 ], also known as a bioceramic, is the major component of human bones and teeth (hard tissues) and is chemically compatible with synthetic HA nanoparticles. 1 Hence, synthetic HA nanoparticles are extensively employed in biomedical elds due to their excellent biocompatibility. 2, 3 In the preparation of articial bones or bone cement, it is important to maintain the mechanical properties of the materials in order to mimic natural bones. 4 However, HA alone cannot perform all the requirements of clinical applications due to the brittleness and stiffness of HA nanoparticles. 5, 6 Therefore, many researchers have developed HA/polymer nanocomposites to enhance the bioactive properties and mechanical properties of the articial bone or bone cement. Poly(methyl methacrylate) (PMMA) has become one of the attractive and frequently used polymers in the synthesis of bone cements. Poly(methyl methacrylate) (PMMA) is the rst synthetic polymer used in biomedical applications in 1937.
7-9 HA can be combined with PMMA in order to synthesize HA/PMMA nanocomposites. When PMMA is associated with HA, it increases the biocompatibility, osteoconductivity, and mechanical properties of the nanocomposites. Therefore, PMMA-HA nanocomposites have good ability to ll dental cavities and also to generate a strong bond between the bone and the prosthesis. 10, 11 Numerous methods have been developed to synthesize HA-PMMA composites. 15 Therefore, HA-PMMA composites can be used in different biomedical applications such as bone ller materials, bone cements, bone implants and dental implants. However, simplicity and economic factors are timely needed requirements for the industrial scale manufacture of HA-PMMA. Therefore, in this manuscript, we report a novel, economical and potential industrially applicable method to synthesize HA-PMMA composites using readily available and extensively distributed dolomite as a calcium source. This method is industrially important due to the usage of readily available cheap naturally occurring dolomite as a raw material rather than using expensive chemicals and due to the involvement of a one pot in situ synthesis route.
16,17
Herein, sucrose, potassium persulphate (K 2 S 2 O 8 ), ammonium dihydrogen orthophosphate ((NH 4 )H 2 PO 4 ) and methyl methacrylate (MMA) were purchased from Sigma-Aldrich to use as raw materials for the synthesis. First, a calcium sucrate solution was prepared by adding 5.00 g of calcined dolomite (CaO$MgO) into 0.5 M sucrose (100 mL) while stirring and by continuing the stirring for 6 h. The mixture was ltered under suction and the solution was collected.
18 Then, 1.00 g of potassium persulfate was dissolved in 100 mL of 0.5 M prepared calcium sucrate solution in a three-neck rounded bottom ask and heated to 80 C. 10 mL of freshly distilled MMA and 100 mL of 0.3 M ammonium dihydrogen orthophosphate were added (until Ca/P ratio of 1.67) to the reaction mixture using two dropping funnels while stirring. The mixture was further stirred for 12 h and ltered under suction to obtain a precipitate. The precipitate was washed with distilled water 3 times and allowed to dry under ambient conditions. The yield of the obtained HA was 84%. X-ray diffraction (XRD) patterns of the synthesized products were obtained using a Siemens D5000 powder diffractometer. Fourier Transform Infrared (FT-IR) spectra of the products were recorded on a Shimadzu IR Prestige 21 instrument with the KBr pellet method. Raman spectra of both HA and HA-PMMA samples were recorded on a Bruker Senterra 2 instrument. The morphology of the products was examined using Transmission Electron Microscopy (TEM) with the help of a JEOL JEM-2000FX Electron Microscope. Differential scanning calorimetry (DSC) was performed using an STA S-1500 instrument.
Preparation of HA-PMMA nanocomposites through calcium sucrate without using CaO directly is a better solution to prevent the inclusion of impurities such as MgO, and unreacted CaO and CaCO 3 in the nal product.
18 Hence, dolomite is employed as a raw material for the proposed method.
18,19 A white precipitate is formed towards the end of stirring (Section 2.2). The synthesized HA-PMMA composite is a white colored crystalline powder with ne particles. The XRD pattern of HA/PMMA given in Fig. 1A(b 1A(a) ). Also, the synthesized product only contains pure HA as the crystalline material and hence, it does not contain any other crystalline impurities such as unreacted reactants. The estimated average particle size of HA in the composite from the Debye-Scherrer formula is 11 nm. XRD peaks of PMMA are not found in the XRD spectrum of the composite because it is amorphous (Fig. 1A(c) ).
In Fig. 1B(b 
21
The band at 2845 cm À1 is related to the C-H bonds which are present in PMMA groups. A new band appears at around 2000 cm À1 which can be assigned to the carbonyl group.
20,21
This band indicates the formation of chelate bonds between the carbonyl group and Ca 2+ in HA. This may be due to the breakage of the ester bond between -CO and -OCH 3 , in order to make bonds between HA and carbonyl carbon. Also, some of the bands of PMMA have been overlapped by bands of HA in the composite. This may be due to the absorption of the -COOCH 3 groups of PMMA for the growth of HA particles during the nucleation process.
18,20
Fig . 2 shows the Raman spectra of both HA and HA-PMMA samples. The Raman spectrum in Fig. 2a shows the which reveal the presence of HA in the HA-PMMA composite.
22
Raman spectra of PMMA and HA are recorded to compare with the spectrum of the composite. It is clearly identied that absorption bands at 440 cm
À1
, 600 cm À1 and 960 cm À1 are common for both HA and the composite. 22, 23 Raman shis of the major bands of PMMA those appeared in our HA-PMMA spectrum (Fig. 2b) are comparable with those reported by Thomas et al. (2008) . 24 The bands around 1400 cm The TEM images of the prepared HA-PMMA are shown in Fig. 3 . The calculated average particle size of the HA-PMMA nanocomposite, using TEM images, is approximately 30 nm. Also, the synthesized composite presents a spherical morphology. Thermal characterization results conrm the presence of PMMA in the synthesized HA-PMMA nanocomposite. The DSC curve of HA-PMMA (Fig. 4) shows an exothermic peak in the temperature range 445-479 C and the TGA curve of HA- PMMA (Fig. 4) shows a mass loss which reveal the combustion of PMMA. The DSC exothermic peak further conrms the presence of PMMA in the composite. Similarly, CaCO 3 -PMMA nanocomposites have been synthesized and characterized by Mantilaka et al. 2013 and the PMMA decomposition range in CaCO 3 -PMMA was 435-453 C in their study. 18 This indicates the increment of thermal properties of PMMA during the formation of PMMA composites. Also, several studies have been carried out to demonstrate the increment of decomposition temperature with the formation of PMMA composites.
11,25,26

Conclusions
A nanosized HA-PMMA composite was prepared by a novel, simple and industrially applicable method using dolomite. The synthesized HA-PMMA nanocomposite was 30 nm in size and had a spherical morphology with 84% yield.
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